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EULQJQHHGWRGHYHORSSUHYHQWLYHPHDVXUHVIRUVROXWLRQRIDULVHQFULVLVVLWXDWLRQDQGIRUHOLPLQDWLRQRIWKHLULPSDFWV
2QHRIWKHOLPLWLQJIDFWRUVLQZRUNRIFULVLVPDQDJHURUGLVSDWFKLQJVLWHLVWRREWDLQVXIILFLHQWDPRXQWRIH[DFWDQG

































$ERYHPHQWLRQHG SURFHGXUHZDV D EDVH IRU FUHDWLRQ RI DOJRULWKPV DQGPRGHOV8VLQJ FUHDWHG DOJRULWKPV DQG




ZLWK GHYHORSPHQW RI RXU RZQ WKHRUHWLFDO PRGHOV ZKLFK ZHUH EDVHG RQ KXJH VWDWLVWLFDO LQYHVWLJDWLRQ :H
LQYHVWLJDWHG LQGHWDLOZKDWDUH WKHFRQQHFWLRQVDQGGHSHQGHQFHVRI WUDYHOOLQJ WLPHRQ WZHQW\ WUDFNVHFWRUV:H
SURFHVVHGPRUH WKDQ  WKRXVDQGV RI GDWD VHWV DERXW UHDO WLPH IRU LQGLYLGXDO WUDLQV WR SDVV WKH URXWH 0LODWD

:HGHVLJQHGRXURZQDOJRULWKPVEDVHGRQWKRVHILQGLQJV0DWKHPDWLFDOVXSSRUWZDVEDVHGRQPDQ\ZHOONQRZQ
PDWKHPDWLFDO DQG VWDWLVWLFDO PHWKRGV )LUVW UHDO UHVXOWV VKRZ WKH LPSHDFKPHQW RI ZHOONQRZQ GLYLVLRQ RI
SUREDELOLWLHV:HZHUHIRUFHGWRILQGGLIIHUHQWYDULDWLRQVRISUREDELOLWLHV7KHUHVXOWVRIRXUUHVHDUFKZHUHDSSOLHG
LQWRFUHDWHGSURJUDPSURGXFW$675$±7UDIILFPRGHOOLQJRQWKHUDLOZD\VHFWLRQ)LJ




5HVHDUFK LQ WKLV ILHOG LVFRQQHFWHG WRPDQ\SUREOHPV2QHRI WKHPZDV WKDW LW LVQRWSRVVLEOH WRDSSO\FKRVHQ
WKHRU\ RQ PDWKHPDWLFDO PRGHOV IRU DOO VLWXDWLRQV 7KHUHIRUH ZH FKDQJHG DSSOLHG WKHRUHWLFDO DSSDUDWXV:H DOVR
FKDQJHGPHWKRGRORJ\RI FDOFXODWLRQ IRU VLPXODWLRQVDQGZHPRGLILHGGHVLJQHGSURJUDP:HGHVLJQHG$675$
ZKLFKLVDEOHWRPRGHODQGVLPXODWHSUREOHPVDOVRRQRQHWUDFNURXWHV
0DWKHPDWLFDOIUDPHZRUN
7KHUDLOZD\WUDQVSRUW LQURXWHVHFWRUV LVSRVVLEOH WRXQGHUVWDQGDVEXONVHUYLFHV\VWHPDQGLWFRQVLGHUVUDLOZD\
URXWHDVDVHUYLFHOLQH,WLVDV\VWHPZKLFKLVDOVRZHOONQRZQDV00ZKHUHWKHUHDUHQROLPLWVLQUHTXLUHPHQWV
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,QFRPLQJIORZRI UHTXLUHPHQWV± WUDLQVDUHRULJLQDWLQJ LQ WUDLQJHQHUDWLQJVWDWLRQVRQGLUHFWLRQ WUDFNV*HQHUDWHG














































njjocc tt W   
ZKHUHLQWHUYDOWnjLVJHQHUDOO\FRQVLGHUHGWREHUDQGRPYDULDEOH7KHUHIRUHZHFDQFRQVLGHUWUDYHOOLQJWLPHtjDOVRWR
EH UDQGRPYDULDEOH7KHEHVWGHVFULSWLRQRI WUDYHOOLQJ WLPH LVE\(UODQJ¶VGLVWULEXWLRQRI UDQGRPYDULDEOHZKLFK
XVHV WZRSDUDPHWHUVaDQGb. 3DUDPHWHUaLV LQ DOO FDVHVFRQVWDQWa = 3DUDPHWHUb LVGHSHQGHQWRQPHGLDQRI









WRWDO URXWH OHQJWK ,Q UDLOZD\QHWZRUNRI=65WKHUHDUHUDLOVZLWFKHVUDLOZD\EULGJHVDQGUDLOZD\
WXQQHOV6YHQWHNRYi
$FFRUGLQJ WR WKLV VWDWLVWLFVZH FDQ DVVXPH WKDW WKHPRVW SUREDEOH GHFUHDVH LQ WUDQVSRUW FDSDFLW\ LV LQ FDVH RI
VLQJOHWUDFNURXWH6ROXWLRQRIVXFKSUREOHPLVPXFKPRUHSUREOHPDWLFWDVNWKDQLWZDVLQSUHYLRXVFDVH7KHPRVW
FUXFLDO LVVXH FRQQHFWHG WR WKLV WDVN LV WKH IDFW WKDW LI WKH WUDQVSRUW LV RUJDQLVHG RQ VLQJOH WUDFN URXWH WUDLQV DUH
HQWHULQJ URXWH VHFWRU IURP ERWK VLGHV 7KHUHIRUH LW LV QHHGHG WR HYDOXDWH WUDLQ¶V SRVLWLRQ DQG EDVHG RQ WKLV WR
UHFDOFXODWHWKHLUSDVVLQJLQUDLOZD\VWDWLRQV
&RQGLWLRQ RI GHWHUPLQHG LQSXWV RI WUDLQV LV LQ WKLV FDVH PXFK PRUH VHULRXV EHFDXVH LW LV QRW SRVVLEOH WR
RYHUFKDUJH URXWH VHFWRU7UDLQV FDQ HQWHU RQO\ LI WKH VLWXDWLRQ DW OHDVW WKHRUHWLFDOO\ HQDEOHV WKHLU FRQWLQXRXV ULGH
7KHVH VLWXDWLRQVZLOO EH DOZD\VPDQDJHG E\ RSHUDWRUV DQG WKHUHIRUHZH FDQ QRW GHILQH LW DV VWRFKDVWLF LQSXWV RI
WUDLQV
,QDFFRUGDQFHWRFKDQJHLQWKHRUHWLFDODSSDUDWXVZDVSURJUDP$675$UHGHVLJQHGLQWR$675$






4.1. Input, changing and verification of data 
7KHSUDFWLFDOSDUWRIVROXWLRQZDVUHDOLVHGIRUVHYHUDO\HDUV7KHPDWWHURISURJUDPSURGXFWLVEDVHGRQGHWDLOHG













)RU HYHU\GD\ ZRUN LQ WUDQVSRUW UDLOZD\ FRPSDQLHV LW LV LPSRUWDQW WR EULQJ QHZ WHFKQLFDO RU WHFKQRORJLFDO
VROXWLRQVZLWKSD\LQJDWWHQWLRQWRWKHVHREMHFWV'DYLGRYLFýHNHUHYDF
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7KHUHPD\RFFXUVLWXDWLRQVRQUDLOZD\QHWZRUNZKHQWKHWUDQVLWSHUIRUPDQFHLVORZHUWKDQQRUPDO0DQDJHPHQW
RIWUDLQWUDIILFRQWKLVVHFWLRQLVWKHQFUXFLDOIRUSHUIRUPDQFHDFURVVWKHOLQH$SURFHVVIRUWKHPDQDJHPHQWRIWUDIILF
LV LQ FDVH LV WRWDOO\ GLIIHUHQW IURP WKH H[LVWLQJ RQH 7KH UHVXOW RI WKH SURMHFW ± D VRIWZDUH$675$ FDQ HYDOXDWH










IRU WKH WUDQVSRUW FDSDFLW\ RI WKH ZKROH URXWH 7KH PHWKRGV RI PDQDJHPHQW ZRUN DUH LQ WKLV FDVH WRWDOO\
GLIIHUHQWIURPWKHXVXDOPHWKRGV
7KH H[WHQW DQG FRQVHTXHQFHV RI HPHUJHQFLHV DQG YDULRXV FULVLV SKHQRPHQD DIIHFWLQJ RQ WKH WUDQVSRUW
LQIUDVWUXFWXUH OHDGVRIWHQ WRD VXEVWDQWLDO UHGXFWLRQ LQ WKH WUDQVLWSHUIRUPDQFHRU WRWDO LQWHUUXSWLRQRI WUDIILF
IORZV,QWHUPVRIWKHGHQVLW\RIWKHLQIUDVWUXFWXUHQHWZRUNLQ6ORYDNLDWKHPRVWVHULRXVLPSDFWRQOLPLWDWLRQ
RI WUDQVSRUW RI SDVVHQJHUV DQG JRRGV ZRXOG EH LQ FDVH RI URDG DQG UDLO WUDQVSRUW:KHQ GHFLGLQJ RQ WKH
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UHQHZDO RI LWV FDSDFLWLHV DQG WUDIILF WKH FRPSXWHU VLPXODWLRQV SOD\V DQ LPSRUWDQW UROH 3URMHFW $675$ 
RIIHUVRSWLPDOPDQDJHPHQWRIUDLORSHUDWLRQVZLWKIRFXVWUDQVLWSHUIRUPDQFH
7KH PRVW VLJQLILFDQW FRQWULEXWLRQ RI SURJUDP SURGXFW LV LWV VSHFLILF DQG RULJLQDO XVDJH RI SURFHVVHV IRU
FDOFXODWLRQRIPLQLPDOWLPHLQWHUYDOIRUWUDLQULGHLQUHDOURXWHVHFWRUV7KHDLPRIWKLVDUWLFOHLVWRH[SODLQQHZ
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